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wherein R' to R” each independently represent hydrogen, a
C,_,, hydrocarbon group, etc.; R* represents a C,_,, hydro-
carbon group, etc.; L represents hydrogen, halogen, a
hydroxyl group, an amino group, an azi group, a phosphido
group, a nitrile group, a carbonyl group, a C, _,, hydrocarbon
group, etc.; and M represents a metal atom or a silicon atom,
n represents an integer of 1 or more, m represents an integer
of 0 or more, and n+m represents the valence of the metal
atom or silicon atom.
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ALKOXIDE COMPOUND, RAW MATERIAL
FOR FORMING THIN FILM, METHOD FOR
MANUFACTURING THIN FILM, AND
ALCOHOL COMPOUND

TECHNICAL FIELD

The present invention relates to a novel alkoxide com-
pound, a raw material for forming a thin film that includes
the compound, a method for manufacturing a thin film by
using the raw material for forming a thin film, and a novel
alcohol compound.

BACKGROUND ART

Thin-film materials including a metal element have been
used for a variety of applications because such materials
exhibit electric properties, optical properties and the like.
For example, copper and copper-containing thin films have
been used as wiring materials for LSI because of a high
clectric conductivity, high resistance to electromigration,
and a high melting point. Further, nickel and nickel-con-
taining thin films are mainly used for parts of electronic
components such as resistive films and barrier films, parts

for recording media such as magnetic films, and parts for
thin-film solar cells, such as electrodes. Cobalt and cobalt-

contaiming thin films have been used for electrode films,
resistive films, adhesive films, magnetic tapes, ultra-hard
tool members and the like.

Examples of methods for manufacturing such thin films
include a sputtering method, an 10n plating method, a MOD
method such as a coating pyrolysis method and a sol-gel
method, and a chemical vapor deposition method. The
chemical vapor deposition (referred to hereinbelow simply
as CVD) method, inclusive of an ALD (Atomic Layer
Deposition) method, 1s an optimum manufacturing process
because 1t has advantages such as being suitable for mass
production, exceling 1n composition controllability and step-

wise coating ability, and enabling hybrid accumulation.

A large number of various materials have been reported as
metal-supplying sources for use in the chemical vapor
deposition method. For example, Patent Document 1 dis-
closes a tert-aminoalkoxide compound of nickel that can be
used as a raw material for forming a nickel-containing thin
film by a MOCVD method. Further, Patent Document 2
discloses a tert-aminoalkoxide compound of cobalt that can
be used as a raw material for forming a cobalt-contaiming,
thin film by the MOCVD method. Patent Document 3
discloses a tert-aminoalkoxide compound of copper that can
be used as a raw material for forming a copper-containing,
thin film by the chemical vapor deposition method. Further,
Non-Patent Document 1 discloses tert-imidoalkoxide com-
pounds of copper, nickel, cobalt, iron, manganese, and
chromium.

Patent Document 1: Japanese Translation of PCT Applica-

tion No. 2008-537947
Patent Document 2: Korean Patent Registration No.

10-0675983
Patent Document 3: Japanese Patent Application Publication

No. 2006-328019
Non-Patent Document 1: J. Am. Chem. Soc., 2013, 135,

12588-12591

SUMMARY OF INVENTION

Technical Problem

When a thin film 1s formed by vaporizing a raw material
for chemical vapor deposition, properties required from
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2

compounds (precursors) suitable for the raw matenals
include absence of spontancous combustibility and high
thermal stability. In particular, high thermal stability 1s
extremely 1mportant for the precursor 1n the ALD method.
None of the conventional alkoxide compounds are suili-

ciently satisfactory in terms of thermal stability.

Solution to the Problem

The present inventors have carried out investigations and
discovered that the abovementioned problems can be solved
by a specific alkoxide compound, to achieve the present
invention.

The present invention provides an alkoxide compound
represented by General Formula (1) below, a raw material for
forming a thin film that includes the compound, and a
method for manufacturing a thin film by using the raw
material.

(D)

R]
L+—M—0—C (|3=N—R3
RZ R?

In the formula, R' to R® each independently represent
hydrogen, a C, _, , hydrocarbon group, or a group represented
by General Formulas (X-1) to (X-8) below; R* represents a
C,_,, hydrocarbon group or a group represented by General
Formulas (X-1) to (X-8) below; provided that when R" is a
methyl group, R* is a methyl group or an ethyl group and R
is a methyl group, R” represents hydrogen, a C,_,, hydro-
carbon group or a group represented by General Formulas
(X-1) to (X-8) below; L represents hydrogen, halogen, a
hydroxyl group, an amino group, an azi group, a phosphido
group, a nitrile group, a carbonyl group, a C, _,, hydrocarbon
group or a group represented by General Formulas (L-1) to
(L-13) below; and M represents a metal atom or a silicon
atom, n represents an mteger of 1 or more, m represents an

integer of 0 or more, and n+m represents the valence of the
metal atom or silicon atom.

(X-1)

RX]
\
N—Al—=
/
RXZ
(X-2)
RA} — N —*
H
(X-3)
RX4
\N )
/
RXS
(X-4)
RXG RXE
Tl,J_AE_N_H:
RX?
(X-3)
(R F5Si-N—
(X-06)

3

(R y—Si
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-continued

(X-7)
RXI )

(X-8)

RX]E O A3_=i=

In the formulas, R™*' to R*** each independently represent
hydrogen or a C,_,, hydrocarbon group; A' to A’ each
represent a C, _. alkanediyl group.

(L-1)

RL]
\N—A4—*
RL2
(L-2)
RL3_N_=£=
H
1,4 (L-3)
R
\N $
RLS
(L-4)
RLﬁ RLS
|
N—A>—N—*
RLT
(L-5)
[(R*5—Si+>-N
[.-6
(RLIU :}3 Qi 3k ( )
(L-7)
RL]] O o
(L-8)
RL]E_O_AIS_:E
(L-9)
RLI3 RLIS
\ |
/N—A?—(‘j—o—*
RLl4 RL16
(L-10)
RLI7
C—0
RL19_C/ \4:
\\ /
(‘3—0
RLIS
. (L-11)
R
N
RLzl_C/< \=g
N/
N
|
R120
e (L-12)
R RL23
|/
C—N
RL25_C/ \-.1=
\\ /
(‘E—O
RL24
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-continued
(1-13)
RL3 I RL2?

|/
N

(—
L30___ / \=x=
R C\( /
C—N

RI29  RIZ8

In the formulas, R“" to R**" each independently represent
hydrogen or a C,_,, hydrocarbon group; A* to A’ each
represent a C,_. alkanediyl group; provided that when R** to
R**" are each a C,_,, hydrocarbon group, a hydrogen atom
in the hydrocarbon group may be substituted with a halogen
atom or an amino group.

The present mnvention also provides an alcohol compound
represented by General Formula (II) below.

(1)

RS
H—O0—C (I3=N—R?
R® RS

In the formula, R to R’ each independently represent

hydrogen, a C, _, , hydrocarbon group, or a group represented
by General Formulas (Y-1) to (Y-8) below; R® represents a

C,_,- hydrocarbon group or a group represented by General
Formulas (Y-1) to (Y-8) below; provided that when R° is a
methyl group, R° is a methyl group or an ethyl group and R*
is a methyl group, R’ represents hydrogen, a C,_,, hydro-
carbon group or a group represented by General Formulas

(Y-1) to (Y-8) below.

(Y-1)

RY]
\
N—AS—x
/
R}’Z
(Y-2)
R —N—
H
(Y-3)
RY4
\N )
/
RYS
(Y-4)
RYﬁ R}’E
IiJ—Af’ N —
RY?
(Y-3)
[(R? 9—SiH5-N—*
(Y-6)
(RYIOﬁB_Si sk
(Y-7)
RY]I O 3k
(Y-8)

RY]Z _O_AIU_'&:

In the formulas, R** to R*"* each independently represent
hydrogen or a C,_,, hydrocarbon group, and A® to A'® each
represent a C, _. alkanediyl group.
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Advantageous Ellects of the Invention

In accordance with the present invention, 1t 1s possible to
obtain an alkoxide compound with high thermal stability and
no spontanecous combustibility. The present invention also
can provide a novel alcohol compound.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a conceptual diagram illustrating an example of
a chemical vapor deposition apparatus for use in the method
for manufacturing a metal-containing thin film 1n the present
invention.

FIG. 2 1s a conceptual diagram illustrating another
example ol a chemical vapor deposition apparatus for use 1n
the method for manufacturing a metal-containing thin film in
the present invention.

FIG. 3 1s a conceptual diagram illustrating another
example of a chemical vapor deposition apparatus for use 1n
the method for manufacturing a metal-containing thin film in
the present invention.

FIG. 4 1s a conceptual diagram illustrating another
example of a chemical vapor deposition apparatus for use 1n
the method for manufacturing a metal-containing thin film in
the present invention.

DESCRIPTION OF EMBODIMENTS

The alkoxide compound in accordance with the present
invention 1s represent by General Formula (I) above. This
compound 1s advantageous as a precursor for a thin film

manufacturing method having a vaporization step, such as
the CVD method, and because of high thermal stability, this
compound 1s particularly advantageous as a precursor to be
used 1n the ALD method.

In General Formula (I) of the present invention, R' to R>
cach independently represent hydrogen, a C, _, , hydrocarbon

group, or a group represented by General Formulas (X-1) to
(X-8) above.

For example, an alkyl, an alkenyl, a cycloalkyl, an aryl, or
a cyclopentadienyl can be used as the C,_,, hydrocarbon
group which is represented by R' to R”.

Examples of the alkyl include methyl, ethyl, propyl,
1sopropyl, butyl, 1sobutyl, sec-butyl, tert-butyl, pentyl, 1so-
pentyl, hexyl, heptyl, 1soheptyl, octyl, 1sooctyl, 2-ethyl-
hexyl, nonyl, isononyl, decyl, and dodecyl.

Examples of the alkenyl include vinyl, 1-methylethenyl,
2-methylethenyl, propenyl, butenyl, isobutenyl, pentenyl,
hexenyl, heptenyl, octenyl, and decenyl.

Examples of the cycloalkyl include cyclohexyl, cyclopen-
tyl, cycloheptyl, methylcyclopentyl, methylcyclohexyl,
methylcycloheptyl, cyclopentenyl, cyclohexenyl, cyclohep-
tenyl, methylcyclopentenyl, methylcyclohexenyl, and meth-
ylcycloheptenyl.

Examples of the aryl include phenyl, naphthyl, 2-meth-
ylphenyl, 3-methylphenyl, 4-methylphenyl, 4-vinylphenyl,
3-1sopropylphenyl,  4-1sopropylphenyl, 4-butylphenyl,
4-1sobutylphenyl, 4-tert-butylphenyl, 4-hexylphenyl, and
4-cyclohexylphenyl.

Examples of the cyclopentadienyl include cyclopentadi-
enyl, methylcyclopentadienyl, ethylcyclopentadienyl, pro-
pylcyclopentadienyl, 1sopropylcyclopentadienyl, butylcy-
clopentadienyl, sec-butylcyclopentadienyl,
isobutylcyclopentadienyl, tert-butylcyclopentadienyl, dim-
cthylcyclopentadienyl, and tetramethylcyclopentadienyl.
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6

In General Formula (I) of the invention, R* represents a
C,_,, hydrocarbon group or a group represented by General

Formulas (X-1) to (X-8) above.

Specific examples of the C,_,, hydrocarbon group which
is represented by R* can be the same as those listed here-
inabove as the examples of the C,_,, hydrocarbon group
which is represented by R* to R”.

In General Formulas (X-1) to (X-8), R*' to R*'* each
independently represent hydrogen or a C,_;, hydrocarbon
group, and A" to A” each represent a C,_. alkanediyl group.

Specific examples of the C, _,, hydrocarbon group which
is represented by R™*" to R*'~ can be the same as those listed
hereinabove as the examples of the C, _, , hydrocarbon group
which is represented by R' to R”.

Examples of the C,_. alkanediyl group which 1s repre-
sented by A" to A” include methylene, ethylene, propylene,
and butylene.

Examples of the group represented by General Formula
(X-1) include dimethylaminomethyl, ethylmethylaminom-
cthyl, diethylaminomethyl, dimethylaminoethyl, ethylmeth-
ylaminoethyl, and diethylaminoethyl.

Examples of the group represented by General Formula
(X-2) include methylamino, ethylamino, propylamino, 1so-
propylamino, butylamino, sec-butylamino, tert-butylamino,
and 1sobutylamino.

Examples of the group represented by General Formula
(X-3) include dimethylamino, diethylamino, dipropylamino,
duisopropylamino, dibutylamino, di-sec-butylamino, di-tert-
butylamino, ethylmethylamino, propylmethylamino, and
1sopropylmethylamino.

Examples of compounds providing the group represented
by General Formula (X-4) include ethylenediamino, hex-
amethylenediamino, and N,N-dimethylethylenediamino.

Examples of the group represented by General Formula
(X-5) include di(trimethylsilyl)amino and di(triethylsilyl)
amino.

Examples of the group represented by General Formula
(X-6) 1include trimethylsilyl and triethylsilyl.

Examples of the group represented by General Formula
(X-7) 1include methoxy, ethoxy, propoxy, 1sopropoxy,
butoxy, sec-butoxy, 1sobutoxy, tert-butoxy, pentoxy, 1sopen-

toxy, and tert-pentoxy.

Examples of the group represented by General Formula
(X-8) include hydroxymethyl, hydroxyethyl, hydroxypro-
pyl, hydroxyisopropyl, and hydroxybutyl.

In General Formula (I), where R' is a methyl group, R” is
a methyl group or an ethyl group, and R* is a methyl group,
R”® represents hydrogen, a C, ,, hydrocarbon group or a
group represented by General Formulas (X-1) to (X-8)
below.

Examples of the C,_,, hydrocarbon group include C,_,,
alkyls, C,_,, alkenyls, C._,, cycloalkyls, and C_,, aryls.

Examples of the C, ,, alkyls include butyl, 1sobutyl,
sec-butyl, tert-butyl, pentyl, 1sopentyl, hexyl, heptyl, 1sohep-
tyl, octyl, 1sooctyl, 2-ethylhexyl, nonyl, isononyl, decyl, and
dodecyl.

Examples of the C,_,, alkenyls include butenyl, isobute-
nyl, pentenyl, hexenyl, heptenyl, octenyl, and decenyl.

Examples of the C,_,, cycloalkyls include cyclohexyl,
cyclopentyl, cycloheptyl, methylcyclopentyl, methylcyclo-
hexyl, methylcycloheptyl, cyclopentenyl, cyclohexenyl,
cycloheptenyl, methylcyclopentenyl, methylcyclohexenyl,
and methylcycloheptenyl.

Examples of the C,._,, aryls include phenyl, naphthyl,
2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 4-vinyl-
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phenyl, 3-1sopropylphenyl, 4-1sopropylphenyl, 4-butylphe-
nyl, 4-1sobutylphenyl, 4-tert-butylphenyl, 4-hexylphenyl,
and 4-cyclohexylphenyl.

Where R', R, R°, and R* in General Formula (I) are used

in a thin film manufacturing method including a step of °

vaporizing the compound, it 1s preferred that the vapor
pressure and thermal decomposition temperature thereof be
high. More specifically, it is preferred that R' and R* each
independently represent hydrogen, a C,_,, hydrocarbon
group, or a group represented by General Formula (X-5)
because a high vapor pressure 1s realized. Among them, 1t 1s
more preferred that at least one of R" and R* be a C, _. alkyl,
di(trimethylsilyl)amino, or di(triethylsilyl)amino because an
especially high vapor pressure 1s realized, and it 1s most
preferred that at least one of R' and R” be a C,_. alkyl,
di(trimethylsilyl)amino, or di(triethylsilyl)amino and at least
one of R* and R* be a C, _. alkyl, di(trimethylsilyl)amino, or
di(triethylsilyl)amino because a particularly high wvapor
pressure is realized. Further, it is preferred that R*be a C, ,,
hydrocarbon group, a group represented by General Formula
(X-3), or a group represented by General Formula (X-3)
because high thermal stability 1s realized. Among them, 1t 1s
more preferred that R* be an alkenyl group, an alkyl,
di(trimethylsilyl)amino, or di(triethylsilyl)amino because a
particularly high thermal stability 1s realized. Further, 1n the
case of a thin film manufacturing method based on the MOD
method which does not involve a vaporization step, R', R>,
R, and R™ can be selected, as appropriate, according to the
solubility 1n the solvent used, the thin film formation reac-
tion and the like.

In General Formula (I) of the present invention, L repre-
sents hydrogen, halogen, a hydroxyl group, an amino group,
an azi group, a phosphido group, a nitrile group, a carbonyl
group, a C, _,, hydrocarbon group or a group represented by
General Formulas (L-1) to (L-13). R** to R**" in General

Formulas (L-1) to (L-13) each independently represent
hydrogen or a C, _,, hydrocarbon group, and A* to A’ each
represent a C,_. alkanediyl group. Where R*" to R**! in
General Formulas (L-1) to (LL.-13) each are a C,_,, hydro-
carbon group, a hydrogen atom in the hydrocarbon group

may be substituted with a halogen atom or an amino group.

Specific examples of the C,_,, hydrocarbon group which
is represented by R*! to R**! can be the same as those listed
hereinabove as the examples of the C, _, , hydrocarbon group
which is represented by R' to R”.

Specific examples of the C,_. alkanediyl group which 1s
represented by A* to A’ can be the same as those listed
hereinabove as the examples of the C,_. alkanediyl group
which is represented by A' to A°.

Examples of the group represented by General Formula
(L-1) mnclude dimethylaminomethyl, ethylmethylaminom-
cthyl, diethylaminomethyl, dimethylaminoethyl, ethylmeth-
ylaminoethyl, and diethylaminoethyl.

Examples of the group represented by General Formula
(L-2) include methylamino, ethylamino, propylamino, 1so-
propylamino, butylamino, sec-butylamino, tert-butylamino,
and 1sobutylamino.

Examples of the group represented by General Formula
(L-3) include dimethylamino, diethylamino, dipropylamino,
diisopropylamino, dibutylamino, di-sec-butylamino, di-tert-
butylamino, ethylmethylamino, propylmethylamino, and
1sopropylmethylamino.

Examples of compounds providing the group represented
by General Formula (LL-4) include ethylenediamino, hexam-
cthylenediamino, and N,N-dimethylethylenediamino.
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Examples of the group represented by General Formula
(L-35) include di(trimethylsilyl)amino and di(triethylsilyl)
amino.

Examples of the group represented by General Formula
(L-6) include trimethylsilyl and triethylsilyl.

Examples of the group represented by General Formula
(L-7) 1include methoxy, ethoxy, propoxy, 1sopropoxy,
butoxy, sec-butoxy, 1sobutoxy, tert-butoxy, pentoxy, 1sopen-
toxy, and tert-pentoxy.

Examples of the group represented by General Formula
(L-8) include hydroxymethyl, hydroxyethyl, hydroxypropyl,
hydroxyisopropyl, and hydroxybutyl.

Examples of the group represented by General Formula
(L-9) include dimethylaminoethoxy, diethylaminoethoxy,
dimethylaminopropoxy, ethylmethylaminopropoxy, and
diethylaminopropoxy.

Examples of the group represented by General Formula

(L-10) include groups represented by Chemical Formulas
No. (L-10-1) to (L-10-3) below. In Chemical Formulas No.

(L-10-1) to (L-10-5), “Me” represents methyl, “Et” repre-
sents ethyl, “1Pr” represents 1sopropyl, and “tBu” represents
tert-butyl.

(1-10-1)

I\‘/Ie
C—0O
i—( Y
\ /
(‘3—0
Me
(L-10-2)
]?It
C—0O
H_C/C \,
\\~ /
(‘?—O
Me
(L-10-3)
iPr
C—0O
i—(C Y
\~ /
(‘3—0
Me
(L-10-4)
‘iBu
C—0O
H_C/C \
\\~ /
(‘?—O
Me
(L-10-5)
‘iBu
C—0
H_C/C \
\~ /
(‘?—O
tBu

Examples of organic compounds providing the group
represented by General Formula (L-10) include acetylac-
ctone, hexane-2,4-dione, S-methylhexane-2,4-dione, hep-
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tane-2,4-dione, 2-methylheptane-3,5-dione, 2,6-dimethyl-
heptane-3,5-dione, 1,1,1-trifluoropentane-2,4-dione, 1,1,1-
tritluoro-5,5-dimethylhexane-2,4-dione, 1,1,1,5,5,5-
hexatluoropentane-2,4-dione, 1,3-dipertluorohexylpropane-
1,3-dione, 1,1,5,5-tetramethyl-1-methoxyhexane-2,4-dione,
2,2,6,6-tetramethyl-1-methoxyheptane-3,5-dione, 2,2,6,6-
tetramethyl-1-(2-methoxyethoxy)heptane-3,5-dione, 1,1,1-
tritfluoropentane-2,4-dione, 1,1,1-trifluoro-35,5-dimethyl-
hexane-2,4-dione, 1,1,1,3,5,5-hexatluoropentane-2,4-dione,
1,3-dipertluorohexylpropane-1,3-dione, 1,1,3,5-tetram-
cthyl-1-methoxyhexane-2,4-dione, 2,2,6,6-tetramethyl-1-
methoxvheptane-3,5-dione, and 2,2,6,6-tetramethyl-1-(2-
methoxyethoxy )heptane-3,5-dione.

Examples of the group represented by General Formula
(L-11) include groups represented by Chemical Formulas
No. (L-11-1) to (L-11-3) below. In Chemical Formulas No.
(L-11-1) to (L-11-3), “Me” represents methyl, “1Pr” repre-
sents 1sopropyl, and “tBu” represents tert-butyl.

(L-11-1)
1Pr

|
AN
Me—C\C )y
|
1Pr

(L-11-2)
tBu

/IL\
Me—C\C Pa
I

tBu
(L-11-3)
1Pr

|
AN
tBu—C \C /*
|

1Pr

Examples of organic compounds providing the group
represented by General Formula (L-11) include N,N'-d1iso-
propylacetamidinate, N,N'-di-t-butylacetamidinate, and
N,N'-di1sopropyl-2-t-butylamidinate.

Examples of the group represented by General Formula
(L-12) include groups represented by Chemical Formulas
No. (L-12-1) to (LL-12-8) below. In Chemical Formulas No.
(L-12-1) to (L-12-8), “Me” represents methyl, “1Pr” repre-
sents 1sopropyl, and “tBu” represents tert-butyl.

(L-12-1)
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-continued
(1.-12-2)
Me iPr

/

C—N

/
Me—C\C >=

C—0O

Me

(L-12-3)
Me

|/
/
)

(‘3—0

Me

(L-12-4)
Me

(1.-12-5)

(1.-12-6)

(1-12-7)

|/

C—N

/r~ \

H—C\ /’*"
(‘3—0

tBu

(L-12-8)
tBu

|/

C—N

/
Me—C\C >*=

C—O0O

tBu

tBu

Examples of organic compounds providing the group
represented by General Formula (L-12) include reaction
products of diketone compounds represented by acetylac-
ctone, hexane-2,4-dione, S-methylhexane-2,4-dione, hep-
tane-2,4-dione, 2-methylheptane-3,5-dione, 2,6-dimethyl-
heptane-3,5-dione, 1,1,1-trifluoropentane-2,4-dione, 1,1,1-
trifluoro-3,5-dimethylhexane-2,4-dione, 1,1,1,5,5,5-
hexafluoropentane-2,4-dione, 1,3-dipertluorohexylpropane-
1,3-dione, 1,1,3,5-tetramethyl-1-methoxyhexane-2,4-dione,
2,2,6,6-tetramethyl-1-methoxyheptane-3,5-dione, and 2,2,6,
6-tetramethyl-1-(2-methoxyethoxy )heptane-3,5-dione, and
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organic amine compounds represented by methylamine,
cthylamine, propylamine, i1sopropylamine, butylamine, sec-
butylamine, tert-butylamine, 1sobutylamine, dimethylamine,
diethylamine, dipropylamine, di 1sopropyl amine, ethylm-
cthylamine, propylmethylamine, i1sopropylmethylamine,
cthylenediamine, and N,N-dimethylethylenediamine.

Examples of the group represented by General Formula
(L-13) include groups represented by Chemical Formulas
No. (L-13-1) to (IL.-13-8) below. In Chemical Formulas No.
(L-13-1) to (L-13-8), “Me” represents methyl, “iPr” repre-
sents 1sopropyl, and “tBu” represents tert-butyl.

(L-13-1)
Me

‘ /iPr
C—N
H—C/ \*
\\ /
C—N
|\
Me 1Pr
(L-13-2)
h‘/fﬂ /iPr
C—N
M C/ \
o — L
\\~ /
C—N
|\
Me 1Pr
(L-13-3)
D‘i{e /tBu
C—N
H_C/ C \
\\ /
C—N
I\‘/[e \tBu
(L-13-4)
P“/Iﬂ /tBu
C—N
M C/ \
o — *H
\\ /
C—N
I\‘/Ie \tBu
| (L-13-5)
J‘lPr /iPr
C—N
H—C/ \
/
C—N
|\
iPr 1Pr
| (L-13-6)
iPr /iPr
C—N
y C/ \
o — i
\\~ /
C—N
|\
iPr 1Pr
(L-13-7)
EBU /tBu
C—N
H—C/ C \
\\ /
C—N
‘lBu \tBu
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-continued
(1.-13-8)
tBu
|/
C—N

M —c/ \
\\ /
C—N

|\

tBu tBu

tBu

Examples of organic compounds providing the group
represented by General Formula (LL-13) include N-1sopro-
pyl-4-(1sopropylimino )pent-2-ene-2-amine, N-1sopropyl-4-
(1sopropylimino)-3-methylpent-2-ene-2-amine, N-(tert-bu-
tyl)-4-(tert-butylimino )pent-2-ene-2-amine, N-(tert-butyl)-
4-(tert-butylimino )-3-methylpent-2-ene-2-amine,

N-1sopropyl-3-(1sopropylimino)-2,6-dimethylhept-3-ene-3-
amine, N-1sopropyl-3-(1sopropylimino)-2,4,6-trimethyl-
hept-3-ene-3-amine, N-(tert-butyl)-5-(tert-butylimino)-2,2,
6,6-tetramethylhept-3-ene-3-amine, and N-(tert-butyl)-3-

(tert-butylimino)-2,2.4,6,6-pentamethylhept-3-ene-3-amine.

Where m 1s 1 or more in General Formula (I), 1t 1s
particularly preferred that L be a cyclopentadienyl group
represented by cyclopentadienyl, methylcyclopentadienyl,
cthylcyclopentadienyl, and pentamethylcyclopentadienyl, or
a group represented by (L-11) because in such cases the
thermal stability 1s high and vapor pressure 1s high. Further,
where m 1s 2 or more 1 General Formula (I), L may be the
same or different.

M 1n General Formula (I) 1s a metal atom or a silicon
atom. The metal atom 1s not particularly limited, and
examples thereof include lithium, sodium, potassium, mag-
nesium, calcium, strontium, barmum, radium, scandium,
yttrium, titanium, zirconium, hafnium, vanadium, niobium,
tantalum, chromium, molybdenum, tungsten, manganese,
iron, osmium, cobalt, rhodium, 1ridium, mickel, palladium,
platinum, copper, silver, gold, zinc, cadmium, aluminum,
gallium, indium, germanium, tin, lead, antimony, bismuth,
lanthanum, cerium, praseodymium, neodymium, prome-
thium, samarium, europium, gadolinium, terbium, dyspro-

sium, holmium, erbium, thulium, and ytterbium. Among

them, 1t 1s preferred that M be copper, 1ron, nickel, cobalt, or
manganese, because of a particularly high thermal stability.

In General Formula (I) of the present invention, n repre-
sents an integer of 1 or more, m represents an integer of O
or more, and n+m represents the valence of the metal atom
or silicon atom.

The alkoxide compound represented by General Formula
(I) can be optically active, but the alkoxide compound 1n
accordance with the present invention 1s not distinguished
by (R) and (S) enantiomers and may be either of them or a
mixture including the (R) and (S) enantiomers at a random
ratio. The racemic mixture has a low production cost.

General Formula (I-A) below represents a case in which
an end donor group 1n a ligand 1s coordinated with the metal
atom or silicon atom, thereby forming a cyclic structure. The
alkoxide compound of the present invention 1s typically
represented by General Formula (I), but 1s not distinguished
from the compound represented by General Formula (I-A)
and 1s conceptually inclusive of both representations.



US 10,351,584 B2

13

(I-A)
R]

R2

O
L45M >
2\

C
!

N R*

L)

In the formula, R to R’ each independently represent
hydrogen, a C, _, , hydrocarbon group, or a group represented
by General Formulas (X-1) to (X-8) below; R* represents a
C,_;, hydrocarbon group or a group represented by General
Formulas (X-1) to (X-8) below; provided that when R' is a
methyl group, R” is a methyl group or an ethyl group and R”®
is a methyl group, R” represents hydrogen, a C,_,, hydro-
carbon group or a group represented by General Formulas
(X-1) to (X-8) below; L represents hydrogen, halogen, a
hydroxyl group, an amino group, an azi group, a phosphido
group, a nitrile group, a carbonyl group, a C, _, , hydrocarbon
group or a group represented by General Formulas (L-1) to
(L-13) below; and M represents a metal atom or a silicon
atom, n represents an integer of 1 or more, m represents an
integer of O or more, and n+m represents the valence of the
metal atom or silicon atom.

(X-1)

RX]
\
N—Al—=
/
RXZ
(X-2)
RA? — N —*
H
(X-3)
RX4
\N )
/
RXS
(X-4)
RXG RXS
IiJ—AE—N—*
RXT
(X-3)
[(RY ¥5—Si5-N—*
(X-6)
(RXIU }3 Qi &
(X-7)
RX]] — () —*
(X-8)

RX12 () A3 —

In the formulas, R*" to R*'* each independently represent
hydrogen or a C, _,, hydrocarbon group, and A' to A> each
represent a C,_. alkanediyl group.

(L-1)
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-continued
(L-2)
RL3 N sk
H
(L-3)
RL4
\N *
RLS
(L-4)
RLﬁ RLS
N—A>—N—*
RLT
(L-5)
[(RE 35— Si45—N—*
(L-6)
(RLI 0 ﬁB_ N K
(L-7)
RIN — j—
(L-8)
RL]Z —_— ) Aﬁ —
(L-9)
RLI3 RLIS
/N— A’ (Ij O—*
RLl4 REA6
(L-10)
RLI7
C—0O
RI19 C/ >=g
(‘3— O
RLIS
(L-11)
RI22
AN
RI2I__( ( %
N\ W4
|
RL20
(L-12)
RLZﬁ RL23
|/
C—N
RL25 C/ \=x=
\\  /
C—0O
ILLM
(L-13)
RLB] RLZ?
|/
C=—N
RL30 C/ \-4:
\\ /
(‘3—N
pl20  RI%

In the formulas, R*' to R**' each independently represent
hydrogen or a C, _,, hydrocarbon group, and A* to A’ each
represent a C,_. alkanediyl group; and where R*' to R*>" are
each a C,_,, hydrocarbon group, a hydrogen atom 1n the
hydrocarbon group may be substituted with a halogen atom
Or an amino group.

For example, where M 1s cobalt, the preferred examples
of the alkoxide compound represented by General Formula
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(I) include compounds represented by Chemical Formulas
No. 1 to No. 300 below. In Chemical Formulas No. 1 to No.

300, “Me” represents methyl,

Ht” represents ethyl, “1Pr”

represents 1sopropyl, “Cp” represents cyclopentadienyl,
“MeCp” represents methylcyclopentadienyl, “sCp™ repre-
sents pentamethylcyclopentadienyl, and “AMD” represents

N,N'-di1sopropylacetamidinate.

) ) No. 1
}‘I
Co—0O (‘3 (‘3=N—H
i H Me 415
) _ No. 2
}‘I
CG—-O—(‘?—(‘f=N—H
i Me Me 415
) ) No. 3
}‘I
Co—0O (‘? (‘3=N—H
i Et Me 15
No. 4
hl/[e
i Me—Ti—Me l
CG——O—(lj—(‘?=N—H
i H Me ds
No. 5
]ilt
- Et Ti Ft i
Co O T (‘3=N—H
i H Me 1>
No. 6
H
i | _
(|3=CH2
CG——O—T—(‘?=N—H
i H Me ds
i i No. 7
}‘I
CG——O—(‘?—(‘f=N—Me
i H Me 1>
i i No. 8
P‘I
Co—10 (‘? (‘3=N—Me
i Me Me 15
No. 9

|
Co—1-0 (‘? C=—=N—Me
E
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Me

[ Me—Si— Me

Co——O—(C—C=N—Me

i H Me 415
]ilt
| Ft—Si— FEt 1

Co—1—0O—C—C=N—Me

i H Me 415
H
i | i
(|?=CH2
Co——0O T (‘3=N—Me
i H Me 1>
_ - -

Co—1—0U—C—C=N—ULt

i H Me d5

_ " -
Co—1—0 C=—N—ULt

i Me Me d5

_ " -

|
Co——0O (|? C—=—N—U=Lt
E

i t Me 45
I\i{e
- Me—Si— Me i

Co—1—0O—C—C=N—FLt

i H Me d5
]i:t
| Ft—Si— FEt 1

Co—1—0O—C—C=N—FLt

i H Me d5
H
] C=—CH, i
CD——O—(‘i—(‘?=N—Et
i H Me 45

|
Co——0O T C=—N—1IPr
H
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Co——0O—(C—(C=N—1Pr
i H Me
|
] C=—CH,
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Co—

| I
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Me Me Me

Me
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No. 290
]i:t
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Et Me
No. 291
]‘Et
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No. 295
Et
sCp—Co—0O0—(C—C=N—Me
Et Me
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]?t
AMD—Co O (‘? (‘?=N—Et
Et Me
No. 300
]?t
AMD—Co O (‘3 (‘?=N—1Pr
Et Me

The alkoxide compound of the present invention i1s not
particularly restricted by the manufacturing method thereof
and can be manufactured by using a well-known reaction. A
method for synthesizing a typical well-known alkoxide
compound that uses the respective alcohol can be used for
manufacturing the alkoxide compound for which m in
General Formula (I) 1s 0. For example, a cobalt alkoxide
compound can be manufactured, for example, by a method
of conducting a reaction of an morganic cobalt salt such as
halide and mitrate, or a hydrate thereof with the correspond-
ing alcohol compound 1n the presence of a base such as

sodium, sodium hydride, sodium amide, sodium hydroxide,
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sodium methylate, ammonia, and amine, a method of con-
ducting a reaction of an 1norganic cobalt salt such as halide
and nitrate, or a hydrate thereof with an alkali metal alkox-
ide, such as sodium alkoxide, lithium alkoxide, and potas-
sium alkoxide, of the corresponding alcohol compound, a
method of conducting an exchange reaction of a cobalt
alkoxide compound of a low-molecular alcohol, such as
methoxide, ethoxide, 1sopropoxide, and butoxide, with the
corresponding alcohol compound, and a method of reacting
an 1norganic cobalt salt such as halide and mitrate with a
derivative providing a reactive intermediate, thereby obtain-
ing the reactive intermediate, and then reacting the iterme-
diate with the corresponding alcohol compound. Examples
of the reactive intermediate iclude bis(dialkylamino)coballt,
bis(bis(trimethylsilyl)amino)cobalt, and amido compounds
ol cobalt. Further, an alkoxide compound for which m 1n
General Formula (I) 1s 1 or more can be manufactured by
reacting an alkoxide compound for which m 1n General
Formula (I) 1s O with an orgamic compound providing the
desired ligand, or an alkali metal salt thereof.

The raw material for forming a thin film of the present
invention includes the alkoxide compound of the present
invention, which has been explained hereinabove, as a
precursor for the thin film, and the form of the raw material
differs depending on the manufacturing process 1n which the
raw material for forming a thin film 1s to be used. For
example, when a thin film including only a metal of one type
or silicon 1s manufactured, the raw material for forming a
thin film of the present invention does not include metal
compounds or semimetal compounds other than the alkoxide
compound. Meanwhile, where a thin film including metals
and/or semimetals of two or more types 1s manufactured, the
raw material for forming a thin film of the present invention
includes, 1n addition to the abovementioned alkoxide com-
pound, a compound including the desired metal and/or a
compound including the desired semimetal (can be also
referred to hereinbelow as “other precursor”). As will be
described hereinbelow, the raw matenial for forming a thin
film of the present mmvention may additionally include an
organic solvent and/or a nucleophilic reagent. Since physical
properties of the alkoxide compound serving as the precur-
sor are advantageous for the CVD method and ALD method,
the raw matenal for forming a thin film of the present
invention 1s particularly usetul as a raw material for chemi-
cal vapor deposition (referred to hereinbelow as “CVD”).

Where the raw material for forming a thin film of the
present invention 1s a raw material for chemical vapor
deposition, the form thereof can be selected, as appropnate,
according, e.g., to the delivery and feed method 1n the CVD
method which 1s to be used.

The delivery and feed method can be a gas delivery
method 1n which a CVD source 1s vaporized by heating
and/or depressurizing the mterior of a container 1n which the
source 1s stored (can be referred to hereinbelow simply as
“raw material container”), and the obtained vapor 1s intro-
duced, optionally together with a carrier gas such as argon,
nitrogen, and helium, mto a film formation chamber in
which a substrate 1s disposed (can be also referred to
hereinbelow as “deposition reaction umt”) or a liquid deliv-
ery method 1n which a CVD source 1s transported 1n a state
of a liquid or solution mnto a vaporization chamber and
vaporized by heating and/or depressurizing 1n the vaporiza-
tion chamber, and the vapor 1s itroduced into a film
formation chamber. When the gas delivery method 1s used,
the alkoxide compound itself, which 1s represented by
General Formula (I), can be used as the CVD source. When
the liquid delivery method 1s used, the alkoxide compound
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itselt, which 1s represented by General Formula (I), or a
solution obtained by dissolving the compound 1n an organic
solvent can be used as the CVD source. Those CVD sources
may additionally include the other precursor, a nucleophilic
reagent or the like.

Further, CVD of a multicomponent system can be imple-
mented by a method of vaporizing and feeding CVD sources
for each component independently (can be also referred to
heremnbelow as “single source method”) and a method of
vaporizing and feeding a mixed raw material obtained by
mixing 1 advance multicomponent raw materials at the
desired composition ratio (can be also referred to hereinbe-
low as “cocktail source method™). When the cocktail source
method 1s used, a mixture of the alkoxide compound of the
present invention and the other precursor, or a mixed solu-
tion obtained by dissolving the mixture 1n an organic solvent
can be used as the CVD source. The mixture or mixed
solvent may additionally include a nucleophilic reagent.
Where only the alkoxide compound of the present invention
1s used as the precursor and the (R) and (S) enantiomers are
used together, the CVD source which includes the (R)
cnantiomer and the CVD source which includes the (S)
enantiomer may be vaporized separately, or the CVD source
including a mixture of the (R) and (S) enantiomers may be
vaporized.

The organic solvent 1s not particularly limited, and well-
known typical organic solvents can be used. Examples of the
organic solvents include acetates such as ethyl acetate, butyl
acetate, and methoxyethyl acetate; ethers such as tetrahy-
drofuran, tetrahydropyran, ethylene glycol dimethyl ether,
diethylene glycol dimethyl ether, triethylene glycol dimethyl
cther, dibutyl ether, and dioxane; ketones such as methyl
butyl ketone, methyl 1sobutyl ketone, ethyl butyl ketone,
dipropyl ketone, diisobutyl ketone, methyl pentyl ketone,
cyclohexanone, and methylcyclohexanone; hydrocarbons
such as hexane, cyclohexane, methylcyclohexane, dimeth-
ylcyclohexane, ethylcyclohexane, heptane, octane, toluene,
and xylene; hydrocarbons including a cyano group such as
1-cyanopropane, 1-cyanobutane, 1-cyanohexane, cyanocy-
clohexane, cycanobenzene, 1,3-dicyanopropane, 1,4-dicya-
nobutane, 1,6-dicyanohexane, 1,4-dicyanocyclohexane, and
1.,4-dicyanobenzene; pyridine and lutidine. Such organic
solvents are used 1individually or as mixed solvents of two or
more thereol according to the relationship between the
solute solubility, usage temperature, boiling point, and flash
point. When such organic solvents are used, the amount of
the entire precursor 1n the CVD source which 1s a solvent in
which the precursor i1s dissolved in the organic solvent 1s
preferably 0.01 mol/L to 2.0 mol/L, in particular, 0.05 mol/L
to 1.0 mol/L. The amount of the entire precursor, as referred
to herein, 1s the amount of the alkoxide compound of the
present mvention when the raw material for forming a thin
film of the present invention does not include a metal
compound or a semimetal compound other than the alkoxide
compound of the present invention, and 1s the total amount
of the alkoxide compound of the present invention and the
other precursor when the raw material for forming a thin film
of the present invention includes a compound including
other metal and/or a compound including a semimetal 1n
addition to the alkoxide compound.

When CVD of a multicomponent system 1s performed,
the other precursor which 1s used together with the alkoxide
compound of the present invention 1s not particularly lim-
ited, and any well-known typical precursor which has been
used 1 CVD sources can be used.

Examples of the other precursor include one, or two or
more compounds of silicon or a metal selected from a group
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including compounds having a hydride, a hydroxide, a
halide, an azide, an alkyl, an alkenyl, a cycloalkyl, an aryl,
an alkynyl, an amino, a dialkylaminoalkyl, a monoalky-
lamino, a dialkylamino, a diamine, a di(silyl-alkyl)amino, a
di(alkyl-silyl)amino, a disilylamino, an alkoxy, an alkoxy-
alkyl, a hydrazido, a phosphido, a nitrile, a dialkylamino-
alkoxy, an alkoxyalkyldialkylamino, a siloxy, a diketonate,
a cyclopentadienyl, a silyl, a pyrazolate, a guanidinate, a
phosphoguanidinate, an amidinate, a phosphoamidinate, a
ketoiminate, a diketoiminate, a carbonyl, and a phosphoam-
idinate as a ligand.

Examples of metals for the precursor include magnesium,
calcium, strontium, bartum, radium, scandium, yttrium, tita-
nium, zirconium, hafnium, vanadium, niobium, tantalum,
chromium, molybdenum, tungsten, manganese, iron,
osmium, cobalt, rhodium, ridium, nickel, palladium, plati-
num, copper, silver, gold, zinc, cadmium, aluminum, gal-
llum, indium, germanium, tin, lead, antimony, bismuth,
lanthanum, cerium, praseodymium, neodymium, prome-
thium, samarium, europium, gadolinium, terbium, dyspro-
sium, holmium, erbium, thulium, and ytterbium.

Such other precursors are well known 1n the pertinent
technical field, and the manufacturing methods thereotf are
also well known. For example, where an alcohol compound
1s used as the organic ligand, the precursor can be manu-
tactured by conducting a reaction of the abovementioned
inorganic metal salt or a hydrate thereof and the alkali metal
alkoxide of the alcohol compound. Examples of the 1nor-
ganic metal salt and hydrate thereof include metal halides
and nitrates, and examples of the alkali metal alkoxides
include sodium alkoxide, lithium alkoxide, and potassium
alkoxide.

In the case of a single source method, it 1s preferred that
the other precursor be a compound demonstrating thermal
and/or oxidative decomposition behavior similar to that of
the alkoxide compound of the present invention. In the case
of a cocktail source method, it 1s preferred that the precursor
have similar thermal and/or oxidative decomposition behav-
ior and also demonstrate no transformations induced by
chemical reactions or the like at the time of mixing.

Compounds represented by Formulas (I1I-1) to (II-5)
below are examples of precursors imncluding titanium, zirco-
nium, or hainium among the other precursors.

(11-1)
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-continued

4O
(RE—OﬁI—M1—<<Oij

In the formulas, M' represents titanium, zirconium, or
hafnium; R? and R” each independently represent a C,_,,
alkyl group which may be substituted with a halogen atom
and may contain an oxygen atom in a chain; R represents a
C,_, alkyl group; R represents an optionally branched C,_,
alkylene group; R® and R’ each independently represent a
hydrogen atom or a C, _, alkyl group; R, R”, R*, and R’ each
independently represent a hydrogen atom or a C,_, alkyl
group; p represents an mteger of 0 to 4; q represents O or 2;
r represents an iteger of 0 to 3; s represents an 1mteger of O
to 4; and t represents an integer of 1 to 4.

Examples of the C,_,, alkyl group which may be substi-
tuted with a halogen atom and may contain an oxygen atom
in a chain, this group being represented by R“ and R” in
Formulas (II-1) to (II-5), include methyl, ethyl, propyl,
1sopropyl, butyl, sec-butyl, tert-butyl, 1sobutyl, pentyl, 1so-
pentyl, neopentyl, tert-pentyl, hexyl, cyclohexyl, 1-methyl-
cyclohexyl, heptyl, 3-heptyl, 1soheptyl, tert-heptyl, n-octyl,
1sooctyl, tert-octyl, 2-ethylhexyl, trifluoromethyl, pertluoro-
hexyl, 2-methoxyethyl, 2-ethoxyethyl, 2-butoxyethyl, 2-(2-
methoxyethoxy)ethyl, 1 -methoxy-1,1-dimethylmethyl,
2-methoxy-1,1-dimethylethyl, 2-ethoxy-1,1-dimethylethyl,
2-1sopropoxy-1,1-dimethylethyl,  2-butoxy-1,1-dimethyl-
cthyl, and 2-(2-methoxyethoxy)-1,1-dimethylethyl. The
C, ¢ alkyl group as represented by R includes methyl, ethyl,
propyl, 1sopropyl, butyl, sec-butyl, tert-butyl, 1sobutyl, pen-
tyl, 1sopentyl, neopentyl, tert-pentyl, hexyl, 1-ethylpentyl,
cyclohexyl, 1-methylcyclohexyl, heptyl, 1soheptyl, tert-hep-
tyl, n-octyl, isooctyl, tert-octyl, and 2-ethylhexyl. The
optionally branched C,_,, alkylene group which 1s repre-
sented by R? is a group derived from a glycol. Examples of
the glycol include 1,2-ethanediol, 1,2-propanediol, 1,3-pro-
panediol, 1,3-butanediol, 2,4-hexanediol, 2,2-dimethyl-1,3-
propanediol, 2,2-diethyl-1,3-propanediol, 2,2-diethyl-1,3-
butanediol, 2-ethyl-2-butyl-1,3-propanediol, 2.,4-
pentanediol, 2-methyl-1,3-propanediol, and 1-methyl-2.4-
pentanediol. Examples of the C,_; alkyl group which 1s
represented by R¢ and R/ include methyl, ethyl, propyl, and
2-propyl. Examples of the C,_, alkyl group which 1s repre-
sented by R%, R”, R/, and R” include methyl, ethyl, propyl,
1sopropyl, butyl, sec-butyl, tert-butyl, and 1sobutyl.

Specific examples of precursors 1including titanium
include tetrakis(alkoxy)titanium such as tetrakis(ethoxy )ti-
tanium, tetrakis(2-propoxy) titanium, tetrakis(butoxy) tita-
nium, tetrakis(sec-butoxy) titanium, tetrakis(isobutoxy )tita-

(11-4)

4-5
(11-5)

4-1

nium, tetrakis(tert-butoxy)titanium, tetrakis(tert-pentyl)
titanium, and tetrakis(1-methoxy-2-methyl-2-propoxy)
titanium; tetrakis-f3-diketonatotitanium such as tetrakis

(pentane-2,4-dionato)titanium,  (2,6-dimethylheptane-3,3-
dionato) titamium, and tetrakis(2,2,6,6-tetramethylheptane-
3,5-dionato)titanium; bis(alkoxy)bis(p-diketonato Jtitanium
such as bis(methoxy)bis(pentane-2,4-dionato Jtitanium, bis
(ethoxy)bis(pentane-2,4-dionato Jtitanium, bis(tert-butoxy)
bis(pentane-2,4-dionato)titanium, bis(methoxy)bis(2,6-dim-
cthylheptane-3,5-dionato) titanitum, bis(ethoxy)bis(2,6-
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dimethylheptane-3,5-dionato)titanium, bis(2-propoxy)bis(2,
6-dimethylheptane-3,5-dionato Jtitanium, bis(tert-butoxy)bis
(2,6-dimethylheptane-3,5-dionato )titanium, bis(tert-
amyloxy)bis(2,6-dimethylheptane-3,5-dionato) titanium, bis
(methoxy)bis(2,2,6,6-tetramethylheptane-3,5-dionato)

titanium, bis(ethoxy)bis(2,2,6,6-tetramethylheptane-3,35-di-
onato)titanium, bis(2-propoxy)bis(2,6,6,6-tetramethylhep-
tane-3,5-dionato) titanium, bis(tert-butoxy)bis(2,2,6,6-te-
tramethylheptane-3,5-dionato)titanium, and  bis(tert-
amyloxy)bis(2,2,6,6-tetramethylheptane-3,5-dionato)

titanium; and glycoxybis(3-diketonato)titanium such as
(2-methylpentanedioxy)bis(2,2,6,6-tetramethylheptane-3, 3-
dionato)titamium and (2-methylpentanedioxy)bis(2,6-dim-
cthylheptane-3,5-dionato)titanium;  (cyclopentadienyl)tris
(dlalkylammo)tltamum such as (methylcyclopentadienyl)

tris(dimethylamino Jtitanim, (ethylcyclopentadienyl)tris
(dimethylamino jtitanium, (cyclopentadienyl)tris
(dimethylamino jtitanium, (methylcyclopentadienyl)tris
(ethylmethylamino jtitanim, (ethylcyclopentadienyl)tris
(ethylmethylamino Jtitanium, (cyclopentadienyl)tris
(ethylmethylamino titanium, (methylcyclopentadienyl)tris
(diethylamino)titanium, (ethylcyclopentadienyl)tris
(diethylamino)titanium, and (cyclopentadienyl)tris
(diethylamino)titanium; (cyclopentadienyl)tris(alkoxy)

titanium such as (cyclopentadienyl)tris(methoxy )titanium,
(methylcyclopentadienyl)tris(methoxy) titamium, (ethylcy-
clopentadienyl)tris(methoxy )titanium, (propylcyclopentadi-
enyl)tris(methoxy) ftitanium, (isopropylcyclopentadienyl)
tris(methoxy)titanium, (butylcyclopentadienyl)tris
(methoxy )titanium, (1sobutylcyclopentadienyl)tris
(methoxy )titanium, (tert-butylcyclopentadienyl)tris
(methoxy)titanium, and (pentamethylcyclopentadienyl)tris
(methoxy)titanium. Examples of precursors including
Zirconium or hatnium are compounds presented as examples
of titantum-containing precursors 1n which titanium 1s sub-
stituted with zirconium or hatnium.

Examples of precursors including rare earth metals are
compounds represented by Formulas (III-1) to (II1-3).

na
[N
/ M?~+0—R )3y
—0
R® ,
P

\
&

- ne -
-O—(lj—&CHg—)WO—Rg
—O
\ - R/ = 3

In the formulas, M* represents a rare earth atom; R and
R” each independently represent a C,_,, alkyl group which
may be substituted with a halogen atom and may contain an
oxygen atom 1n a chain; R° represents a C,_; alkyl group; R®
and R/ each independently represent a hydrogen atom or a
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C,_, alkyl group; R® and R’ each independently represent a
C,_, alkyl group; p' represents an integer of O to 3; and r'
represents an integer of O to 2.

Examples of rare earth atoms represented by M~ in the
precursor including a rare earth element include scandium,
yttrium, lanthanum, certum, prasecodymium, neodymium,
promethium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium, and lute-
tium. Examples of groups represented by R%, R”, R°, R®, R/,
R2, and R’ include groups presented by way of examples
with respect to the titanium-contaiming precursors.

If necessary, the raw material for forming a thin film of the
present invention may include a nucleophilic reagent to
stabilize the alkoxide compound of the present invention and
the other precursor. Examples of the nucleophilic reagent
include ethylene glycol ethers such as glyme, diglyme,
triglyme, and tetraglyme; crown ethers such as 18-crown-6,
dicyclohexyl-18-crown-6, 24-crown-8, dicyclohexyl-24-
crown-8, and dibenzo-24-crown-8; polyamines such as eth-
ylenediamine, N,N'-tetramethylethylenediamine, diethylen-

ctriamine, triethylenetetramine, tetracthylenepentamine,
pentacthylenchexamine, 1,1.4,7,7-pentamethyldiethylen-
ctriamine, 1,1,4,7,10,10-hexamethyltriethylenetetramine,

and triethoxytriethyleneamine; cyclic polyamines such as
cyclam and cyclen; heterocyclic compounds such as pyri-
dine, pyrrolidine, piperidine, morpholine, N-methylpyrroli-
dine, N-methylpiperidine, N-methylmorpholine, tetrahydro-
furan, tetrahydropyran, 1,4-dioxane, oxazole, thiazole, and
oxathiolane; -keto esters such as methyl acetoacetate, ethyl
acetoacetate, and 2-methoxyethyl acetoacetate; and 3-dike-
tones such as acetylacetone, 2,4-hexanedione, 2,4-heptane-
dione, 3,5-heptanedione, and dipivaroylmethane. These
nucleophilic reagents are used in an amount preferably
within a range of 0.1 mol to 10 mol, more preferably 1 mol
to 4 mol per mole of the amount of the entire precursor.

In the raw material for forming a thin film of the present
invention, the amount of metal element impurities, halogen
impurities such as chlorine-containing impurities, and
organic impurities, which are diflerent from the components
constituting the raw materials, needs to be mimmized. The
content of the metal element impurities 1s preferably 100
ppb or less, and more preferably 10 ppb or less for each
clement, and the total amount of the impurities 1s preferably
1 ppm or less, and more preferably 100 ppb or less. In
particular, when the raw material 1s used to form a gate
insulating layer, a gate film, or a barrier layer of an LSI, 1t
1s necessary to reduce the amount of alkali metal elements
and alkaline earth metal elements which ailect the electric
properties of a thin film to be obtained. The amount of the
halogen impurities 1s preferably 100 ppm or less, more
preferably 10 ppm or less, and most preferably 1 ppm or
less. The total amount of organic impurities 1s preferably 500
ppm or less, more preferably 50 ppm or less, and most
preferably 10 ppm or less. Since moisture causes particle
generation 1n the raw material for chemical vapor deposition
or particle generation during thin film formation, 1t 1s better
to remove moisture as much as possible prior to use from the
metal compound, the organic solvent, and the nucleophilic
reagent 1n order to reduce the amount of moisture therein.
The amount of moisture 1n each of the metal compound, the
organic solvent, and the nucleophilic reagent 1s 10 ppm or
less, and more preferably 1 ppm or less.

Further, 1n order to reduce or prevent the particle con-
tamination of the thin film to be formed, it 1s preferred that
the raw material for forming a thin film of the present
invention include as few particles as possible. More specifi-
cally, 1n particle measurements with a particle detector of a
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light scattering type in a liquid phase, the number of
particles larger than 0.3 um 1s preferably 100 or less 1n 1 ml
of the liquid phase, more preferably the number of particles
larger than 0.2 um 1s 1000 or less in 1 ml of the liquid phase,
and most preferably the number of particles larger than 0.2
um 1s 100 or less in 1 ml of the liqud phase.

A method for manufacturing a thin film of the present
invention by which a thin film 1s manufactured by using the
raw material for forming a thin film of the present invention
1s based on the CVD method in which a vapor produced by
vaporizing the raw material for forming a thin film of the
present invention, and an optionally used reactive gas are
introduced into a film formation chamber 1 which a sub-
strate 1s disposed, and the precursor 1s then decomposed
and/or chemically reacted on the substrate to grow and
deposit a thin film 1ncluding a metal on the substrate surface.
The method for delivering and feeding the raw materials, the
deposition method, manufacturing conditions, and manufac-
turing apparatus are not particularly restricted, and well-
known typical conditions and methods can be used.

Examples of the optionally used reactive gas include
oxidative gases such as oxygen, ozone, nitrogen dioxide,
nitrogen monoxide, water vapor, hydrogen peroxide, formic
acid, acetic acid, and acetic anhydride; reductive gases such
as hydrogen; and gases producing nitrides, for example,
organic amine compounds such as monoalkylamines,
dialkylamines, trialkylamines, and alkylenediamines, hydra-
zine, and ammoma. These gases can be used individually or
in combinations of two or more thereof.

Examples of the delivery and feeding methods include the
above-described gas delivery method, liquid delivery
method, single source method, and cocktail source method.

Examples of the deposition method include thermal CVD
in which a source gas or a source gas and a reactive gas are
reacted only by heat 1n order to deposit a thin film; plasma
CVD 1n which heat and plasma are used; photo-excited
CVD 1n which heat and light are used; photo- and plasma-
excited CVD 1n which heat, light and plasma are used; and
ALD 1n which the CVD deposition reaction 1s separated into
clementary steps and deposition 1s performed step by step at

a molecular level.

Examples of the substrate material include silicon, ceram-
ics such as silicon nitride, titanium nitride, tantalum nitride,
titanium oxide, titanium nitride ruthenium oxide, zirconium
oxide, hafnium oxide, and lanthanum oxide; glass; and
metals such as metallic ruthenium. The substrate may be in
the form of a sheet, sphere, fibers, and flakes. The substrate
surface may be flat or may have a three-dimensional struc-
ture such as a trench structure.

The manufacturing conditions include the reaction tem-
perature (substrate temperature), reaction pressure, deposi-
tion rate, and the like. The reaction temperature 1s preferably
100° C. or higher, at which the alkoxide compound of the
present invention 1s suiliciently reactive, and more prefer-
ably 150° C. to 400° C. The reaction pressure 1s preferably
from atmospheric pressure to 10 Pa for thermal CVD and
photo-excited CVD, and preferably from 2000 Pa to 10 Pa
when plasma 1s used.

The deposition rate can be controlled by the raw material
teed conditions (vaporization temperature and vaporization
pressure), reaction temperature, and reaction pressure. Since
a high deposition rate can degrade the properties of the
resulting thin film and a low deposition rate can cause
problems with productivity, the deposition rate 1s preferably
0.01 nm/min to 100 nm/min and more preferably 1 nm/min
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to 50 nm/min. In the ALD method, the control 1s performed
by the number of cycles so as to obtain the desired film
thickness.

The temperature or pressure during vaporization of the
raw material for forming a thin film can be also considered
as the manufacturing condition. The step of obtaining the
vapor by vaporizing the raw material for forming a thin film
may be performed inside the raw material container or inside
the vaporization chamber. In either case, it 1s preferred that
the raw material for forming a thin film of the present
invention be evaporated at 0° C. to 150° C. Further, where
the raw material for forming a thin film 1s vaporized to
obtain the vapor inside the raw material container or vapor-
ization chamber, 1t 1s preferred that the pressure 1nside the
raw material container and the pressure inside the vaporiza-
tion chamber be 1 Pa to 10,000 Pa.

The method for manufacturing a thin film of the present
invention, when it 1s realized by the ALD method, may
include a raw material introduction step in which the raw
material for forming a thin film 1s vaporized to obtain a
vapor and the vapor 1s itroduced into the film formation
chamber by the abovementioned delivery and {feeding
method, and also a precursor thin film formation step of
forming a precursor thin film on the surface of the substrate
with the alkoxide compound 1n the vapor, an evacuation step
ol evacuating the unreacted alkoxide compound gas, and a
metal-containing thin film formation step of chemically
reacting the precursor thin film with a reactive gas and
forming a thin film 1including the metal on the surface of the
substrate.

Each of the abovementioned steps will be described
hereinbelow 1n greater detail with reference to the case of
forming a metal oxide thin film. When a metal oxide thin
f1lm 1s formed by the ALD method, initially, the raw material
introduction step, which has been explained hereinabove, 1s
performed. The temperature and pressure preferred when
vaporizing the raw material for forming a thin film are the
same as explained hereinabove. Then, a precursor thin film
1s formed on the substrate surface with the alkoxide com-
pound introduced 1n the deposition reaction unit (precursor
thin film formation step). At this time, heat may be applied
by heating the substrate or heating the deposition reaction
unmt. The precursor thin film which 1s formed 1n this step 1s
a metal oxide thin film or a thin film generated by decom-
position and/or reaction of part of the alkoxide compound
and has a composition different from the target metal oxide
thin film. The substrate temperature employed in this step 1s
preferably from room temperature to 500° C., more prefer-
ably from 1350° C. to 350° C. The pressure 1n the system (in
the film formation chamber) when this step 1s performed 1s
preferably 1 Pa to 10,000 Pa, more preferably 10 Pa to 1000
Pa.

The unreacted alkoxide gas and byproduct gas are then
evacuated from the deposition reaction unit (evacuation
step). The unreacted alkoxide gas and byproduct gas are
ideally completely evacuated from the deposition reaction
umt, but such complete evacuation 1s not always necessary.
Examples of the evacuation method include a method of
purging the interior of the system with an 1nactive gas such
as mitrogen, helium, and argon, a method of evacuating by
depressurizing the interior of the system, and a method 1n
which the aforementioned methods are combined. The
degree of depressurization when the depressurization
method 1s used 1s preferably 0.01 Pa to 300 Pa, more
preferably 0.01 Pa to 100 Pa.

The reactive gas 1s then introduced into the deposition
reaction unit and a metal oxide thin film 1s formed from the
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precursor thin film, which has been formed 1n the preceding
precursor thin film formation step, under the action of the
oxidizing gas or the action of the oxidizing gas and heat
(metal oxide-containing thin film formation step). The tem-
perature when heat 1s used 1n this step 1s preferably from
room temperature to S00° C., more preferably from 1350° C.
to 350° C. The pressure 1n the system (1n the film formation
chamber) 1n which this step 1s performed 1s preferably 1 Pa
to 10,000 Pa, more preferably 10 Pa to 1000 Pa. The
alkoxide compound of the present invention has good reac-
tivity with oxidizing gases and can yield a metal oxide thin

f1lm.

When the ALD method 1s used 1n the above-described
manner in the method for manufacturing a thin film of the
present invention, thin film deposition performed by a series
ol operations including the raw material introduction step,
precursor thin film formation step, evacuation step, and
metal oxide-containing thin film formation step may be
taken as one cycle, and such cycles may be repeated a
plurality of times till a thin film of a necessary thickness 1s
obtained. In this case, after one cycle 1s completed, 1t 1s
preferred that the unreacted alkoxide compound, reactive
gas (oxi1dizing gas when a metal oxide thin film 1s formed),
and byproduct gas be evacuated from the deposition reaction
unit in the same manner as in the evacuation step, and the
next cycle be thereafter performed.

When a metal oxide thin film 1s formed by the ALD
method, energy such as plasma, light, and voltage may be
applied, and a catalyst may be used. The time period for
applying the energy and the time period for using the
catalyst are not particularly limited. For example, the energy
may be applied and the catalyst may be used when the
alkoxide compound gas 1s introduced i1n the raw material
introduction step, during heating 1n the precursor thin film
formation step or metal oxide-contaiming thin film formation
step, during evacuation of the interior of the system in the
evacuation step, when the oxidizing gas 1s introduced 1n the
metal oxide-containing thin film formation step, and also
between the atorementioned steps.

Further, in the method for manufacturing a thin film of the
present invention, annealing may be performed under an
inactive gas atmosphere, an oxidizing atmosphere, or a
reducing atmosphere atfter the thin film deposition to obtain
better electric properties, and a reflow step may be employed
when bump embedding 1s needed. In this case, the tempera-
ture 1s 200° C. to 1000° C., preferably 250° C. to 500° C.

A well-known chemical vapor deposition apparatus can
be used for manufacturing a thin film by using the raw
material for forming a thin film of the present invention.
Specific examples of suitable apparatuses include an appa-
ratus, such as depicted in FIG. 1, in which a precursor can
be fed by bubbling, and an apparatus, such as depicted in
FIG. 2, which has a vaporization chamber. An apparatus can
be also used 1n which, as depicted 1n FIG. 3 and FIG. 4,
plasma treatment can be performed with respect to a reactive
gas. The single-substrate apparatuses, such as depicted 1n
FIG. 1 to FIG. 4, are not limiting, and an apparatus which
uses a batch furnace and 1s capable of simultaneous pro-
cessing of a large number of substrates can be also used.

Where a thin film 1s manufactured using the raw material
for forming a thin film of the present invention, the desired
type of thin film such as metal, oxide ceramic, nitride
ceramic, and glass can be formed by appropriately selecting
the other precursor, reactive gas, and manufacturing condi-
tions. Such thin films are known to exhibit various electric
properties, optical properties and the like, and are used for
a variety ol applications. For example, copper and copper-
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containing thin films have been used as wiring materials for
LSI because of a high electric conductivity, high resistance
to electromigration, and a high melting point. Further, nickel
and nickel-containing thin films are mainly used for parts of
clectronic components such as resistive films and barrier
films, parts for recording media such as magnetic films, and
parts for thin-film solar cells, such as electrodes. Cobalt and
cobalt-containing thin films have been used for electrode
films, resistive films, adhesive films, magnetic tapes, ultra-
hard tool members and the like.

The alcohol compound of the present invention 1s repre-
sented by General Formula (II) below. This compound 1s
particularly advantageous as a ligand to be used 1n a com-
pound advantageous as a precursor in a method for forming
a thin film that has a vaporization step, such as the CVD
method.

(1I)
RS

H—o—c—(‘:=N—R?

RS

Rﬁ

In the formula, R> to R’ each independently represent
hydrogen, a C, _, , hydrocarbon group, or a group represented
by General Formulas (Y-1) to (Y-8) below; R® represents a
C,_,- hydrocarbon group or a group represented by General
Formulas (Y-1) to (Y-8) below; provided that when R” is a
methyl group, R° is a methyl group or an ethyl group and R®
is a methyl group, R’ represents hydrogen, a C,_,, hydro-
carbon group or a group represented by General Formulas

(Y-1) to (Y-8) below.

(Y-1)

RY]
\
N—AS—x
/
R}’Z
(Y-2)
R —N—
H
(Y-3)
RY4
\N )
/
RYS
(Y-4)
RYﬁ RPE
I.l.J_AQ_N_ﬂ:
RYT
(Y-5)
[(R” 95—SiH5—-N—=
(Y-6)
(RY1033—Si %
(Y-7)
RY]] O %
(Y-8)

RY12 _O_Alﬂ_rk

In the formulas, R** to R*'# each independently represent
hydrogen or a C,_,, hydrocarbon group, and g to A'® each
represent a C, _. alkanediyl group.
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In General Formula (II) of the present invention, R> to R’
each independently represent hydrogen, a C, _, , hydrocarbon
group, or a group represented by General Formulas (Y-1) to
(Y-8).

For example, an alkyl, an alkenyl, a cycloalkyl, an aryl, or
a cyclopentadienyl can be used as the C,_,, hydrocarbon
group which is represented by R> to R’.

Examples of the alkyl include methyl, ethyl, propyl,
1sopropyl, butyl, 1sobutyl, sec-butyl, tert-butyl, pentyl, 1so-
pentyl, hexyl, heptyl, 1soheptyl, octyl, 1sooctyl, 2-ethyl-
hexyl, nonyl, isononyl, decyl, and dodecyl.

Examples of the alkenyl include vinyl, 1-methylethenyl,
2-methylethenyl, propenyl, butenyl, isobutenyl, pentenyl,
hexenyl, heptenyl, octenyl, and decenyl.

Examples of the cycloalkyl include cyclohexyl, cyclopen-
tyl, cycloheptyl, methylcyclopentyl, methylcyclohexyl,
methylcycloheptyl, cyclopentenyl, cyclohexenyl, cyclohep-
tenyl, methylcyclopentenyl, methylcyclohexenyl, and meth-
ylcycloheptenyl.

Examples of the aryl include phenyl, naphthyl, 2-meth-
ylphenyl, 3-methylphenyl, 4-methylphenyl, 4-vinylphenyl,
3-1sopropylphenyl,  4-1sopropylphenyl, 4-butylphenyl,
4-1sobutylphenyl, 4-tert-butylphenyl, 4-hexylphenyl, and
4-cyclohexylphenyl.

Examples of the cyclopentadienyl include cyclopentadi-
enyl, methylcyclopentadienyl, ethylcyclopentadienyl, pro-
pylcyclopentadienyl, 1sopropylcyclopentadienyl, butylcy-
clopentadienyl, sec-butylcyclopentadienyl,
1sobutylcyclopentadienyl, tert-butylcyclopentadienyl, dim-
cthylcyclopentadienyl, and tetramethylcyclopentadienyl.

In General Formula (II) of the present invention, R®
represents a C, _,, hydrocarbon group or a group represented
by General Formulas (Y-1) to (Y-8) above.

Specific examples of the C,_,, hydrocarbon group which
is represented by R® can be the same as those listed here-
inabove as the examples of the C,_,, hydrocarbon group
which is represented by R” to R’.

In General Formula (II) of the present invention, where R>
is a methyl group, R° is a methyl group or an ethyl group,
and R® is a methyl group, R’ represents hydrogen, a C, |,
hydrocarbon group or a group represented by General For-
mulas (Y-1) to (Y-8) below.

Examples of the C,_,, hydrocarbon group include C__,,
alkyls, C,_,, alkenyls, C._,, cycloalkyls, and C._,, aryls.

Examples of the C, ,, alkyls include butyl, 1sobutyl,
sec-butyl, tert-butyl, pentyl, 1sopentyl, hexyl, heptyl, 1sohep-
tyl, octyl, 1sooctyl, 2-ethylhexyl, nonyl, 1sononyl, decyl, and
dodecyl.

Examples of the C,_,, alkenyls include butenyl, 1sobute-
nyl, pentenyl, hexenyl, heptenyl, octenyl, and decenyl.

Examples of the C._,, cycloalkyls include cyclohexyl,
cyclopentyl, cycloheptyl, methylcyclopentyl, methylcyclo-
hexyl, methylcycloheptyl, cyclopentenyl, cyclohexenyl,
cycloheptenyl, methylcyclopentenyl, methylcyclohexenyl,
and methylcycloheptenyl.

Examples of the C,_,, aryls include phenyl, naphthyl,
2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 4-vinyl-
phenyl, 3-1sopropylphenyl, 4-1sopropylphenyl, 4-butylphe-
nyl, 4-1sobutylphenyl, 4-tert-butylphenyl, 4-hexylphenyl,
and 4-cyclohexylphenyl.

Specific examples of the C,_,, hydrocarbon group which
is represented by R** to R*"* can be the same as those listed
hereinabove as the examples of the C, _, , hydrocarbon group
which is represented by R” to R’.

Examples of the C,_. alkanediyl group which 1s repre-
sented by A® to A'® include methylene, ethylene, propylene,
and butylene.
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Examples of the group represented by General Formula
(Y-1) include dimethylaminomethyl, ethylmethylaminom-
cthyl, diethylaminomethyl, dimethylaminoethyl, ethylmeth-
ylaminoethyl, and diethylaminoethyl.

Examples of the group represented by General Formula
(Y-2) include methylamino, ethylamino, propylamino, 1so-
propylamino, butylamino, sec-butylamino, tert-butylamino,
and 1sobutylamino.

Examples of the group represented by General Formula
(Y-3) include dimethylamino, diethylamino, dipropylamino,
duisopropylamino, dibutylamino, di-sec-butylamino, di-tert-
butylamino, ethylmethylamino, propylmethylamino, and
1sopropylmethylamino.

Examples of the compound represented by General For-

mula (Y-4) include ethylenediamino, hexamethylenedi-

amino, and N,N-dimethylethylenediamino.

Examples of the group represented by General Formula
(Y-3) include di(trimethylsilyl)amino and di(triethylsilyl)
amino.

Examples of the group represented by General Formula
(Y-6) include trimethylsilyl and triethylsilyl.

Examples of the group represented by General Formula
(Y-7) 1include methoxy, ethoxy, propoxy, 1sopropoxy,
butoxy, sec-butoxy, 1sobutoxy, tert-butoxy, pentoxy, 1sopen-
toxy, and tert-pentoxy.

Examples of the group represented by General Formula
(Y-8) include hydroxymethyl, hydroxyethyl, hydroxypropyl,
hydroxyisopropyl, and hydroxybutyl.

The alcohol compound of the present invention can have
optical 1somers, but 1s not distinguished by the optical
1Isometry.

Specific examples of the alcohol compound represented
by General Formula (II) include compounds represented by
Chemical Formulas No. 301 to 588 below. In the chemical
formulas, “Me” represents methyl, “Et” represents ethyl,
and “1Pr” represents 1sopropyl.

No. 301
}‘I
H—0O (‘3—(|3=N—H
H Me
No. 302
H
H—0O0—(C—(C=N—H
Me Me
No. 303
H
H—0O0—(C—(C=N—H
Et Me
No. 304
Me
Me——Si—Me
H—O—C—(|3=N—H
H Me
No. 305
]‘Et
Et—Si—Et

H—0O—C—C=N—H

H Me




S7
-continued
|
C=—CH,

Bt

Et=——S1=—FLt

H—0O—(C—(C=N—Me

H Me

H=—0=—(C—(C=N—Lt

H Me
H
H—O C=—=N—ELt
Me Me
H

H— 00— (C—C=N—ULt

Et Me

Me

Me=—81—Me

H—0O—(C—C=N—FLt

H Me
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The alcohol compound of the present invention i1s not
restricted by the manufacturing method thereof and can be

manufactured by using well-known reactions.
For example, the alcohol compound can be obtained by a

No. 579 55

method 1n which a Grignard reaction of an alkyl compound
and an alkoxycarboxylic acid alkyl compound 1s conducted
using magnesium as a catalyst, a reaction 1s then conducted
with an alkylamine, and the product i1s extracted with an

No. 580 ©V

approprate solvent and dehydrated, as represented by Reac-

tion Formula (1); a method 1n which a Grignard reaction of
an alkyl compound and an alkoxyketone alkyl compound 1s
conducted using magnesium as a catalyst, a reaction 1s then
conducted with an alkylamine, and the product 1s extracted
65 with an appropnate solvent and dehydrated, as represented
by Reaction Formula (2); and a method 1n which a Grignard
reaction of an alkyl compound and a dialkyldiketone com-
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pound 1s conducted using magnesium as a catalyst, a reac-
tion 1s then conducted with an alkylamine, and the product
1s extracted with an appropriate solvent and dehydrated, as
represented by Reaction Formula (3).

Reaction Formula (1)

O OMe
ﬂ (‘3 ps L1 2MgBIRY
— L — -
/] 2. H;0*
RO OMe
(‘)H (‘)Me (‘)H
H,O" R'NH
R5—(|2—c‘:—R3 Y R5—(|3—(|3=o 2 -
R> OMe R> RS
OH
R5—C—(‘3=N—R?
R> RS
Reaction Formula (2)
O OMe
5
/(‘j O RS 1. MgBrR _
2. H;01
R OMe
(‘JH ?Me (‘]H
H.0" R'NH
Rs(lj(‘?R33-R5(|3(|j_o 2 -
R® OMe R® RS
OH
R>—C (‘3_N R’
R® RS
Reaction Formula (3)
O 0O
(- 1. MgBrRS
/C—C\ -
+
¥ ” 2. H;0
OH ﬁ OH
R'NH \
RS—(C—(C—R? Zp RS (‘j (‘E_N R’
Rﬁ Rﬁ RS
When R> =R®

In Reaction Formula (1) and Reaction Formula (2), R*

represents an alkyl group.

The alcohol compound of the present invention can be
used as a ligand of a metal compound to be used in a raw
material for forming a thin film, and the like. The alcohol
compound of the present invention can be also used as, for
example, a raw material for synthesis of solvents, perfumes,
agricultural chemicals, medicines, various polymers and the

like.

EXAMPLES

The present invention will be explained hereinbelow in
greater detail with reference to Examples and Evaluation
Examples. However, the present invention 1s not limited by
the Examples, etc., below.

Example 1
Synthesis of Compound No. 343

A total of 8.69 g of magnesium and 253 g of tetrahydro-
furan were placed in a reaction flask and stirred at a room
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34

temperature. A total of 40.45 g of bromoethane was added
dropwise to the solution over 1 h and stirred for 2 h. The
solution was then cooled with 1ce, 25.04 g of methyl
2,2-dimethoxypropionate was added dropwise over 30 min,
and the Grignard reaction was performed. The temperature
was then returned to room temperature and the reaction was
conducted for 15 h. The reaction liquid was cooled with 1ce,
119 g of a 23% hydrochloric acid solution was added and
stirring was performed for 3 h. Only the organic layer was
fractionated and recovered, 68.73 g of a 40% aqueous
methylamine solution was then added dropwise at room
temperature, and the reaction was conducted for 24 h. The
pH of the reaction liquid at this time was 10 to 11. A total
of 119 g of toluene was then added, an organic layer was
extracted and fractionated, magnesium sulfate was added.,
and dehydration and filtration were performed. The solvent
was removed at 90° C. 1 an o1l bath under a reduced
pressure, and after the solvent was distilled off, distillation
was performed to yield a colorless transparent liquid target
product (3-ethyl-2-methylimino-3-pentanol). The vield
amount was 17.32 g and the yield ratio was 65%.
(Analytical Data)

(1) GC-MS m/z: 143 (M+)

(2) '"NMR (solvent: heavy benzene) (chemical shift: mul-
tiplicity: H number) (5.65:s: 1) (2.78:s:3) (1.63 to 1.72: m:
2) (1.35t0 1.44: m: 2) (1.21: s: 3) (0.79 to 0.83: t: 6)

(3) Elemental analysis C: 66.9 mass %, H: 12.3 mass %,
O: 11.5 mass %, N: 9.9 mass %, (theoretical values; C: 67.1
mass %, H: 11.9 mass %, O: 11.1 mass %, N: 9.8 mass %)

Example 2
Synthesis of Compound No. 349

A total of 8.62 g of magnesium and 244 g of tetrahydro-
furan were placed 1n a reaction flask and stirred at a room
temperature. A total of 41.4 g of bromoethane was added
dropwise to the solution over 1 h and stirred for 3 h. The

solution was then cooled with 1ce, 25.03 g of methyl
2,2-dimethoxypropionate was added dropwise over 30 min,
and the Grignard reaction was performed. The temperature
was then returned to room temperature and the reaction was
conducted for 20 h. The reaction liquid was cooled with 1ce,
103 g of a 22% hydrochloric acid solution was added and
stirring was performed for 2 h. Only the organic layer was
fractionated and recovered, 107.64 g of a 33% aqueous
cthylamine solution was then added dropwise at room
temperature, and the reaction was conducted for 48 h. The
pH of the reaction liquid at this time was 10 to 11. A total
of 104 g of toluene was then added, an organic layer was
extracted and fractionated, magnesium sulfate was added.,
and dehydration and filtration were performed. The solvent
was removed at 80° C. 1 an o1l bath under a reduced
pressure, and after the solvent was distilled oil, distillation
was performed to yield a colorless transparent liquid target
product (2-ethylimino-3-ethyl-3-pentanol). The vield
amount was 9.30 g and the vield ratio was 33%.
(Analytical Data)

(1) GC-MS m/z: 157 (M+)

(3) Elemental analysis C: 69.4 mass %, H: 12.5 mass %,
O: 10.5 mass %, N: 8.2 mass %, (theoretical values; C: 68.8
mass %, H: 12.1 mass %, O: 10.2 mass %, N: 8.9 mass %)

Example 3

Synthesis of Compound No. 43

A total of 7.01 g of cobalt (II) chloride and 23.5 g of
tetrahydrofuran were charged into a four-neck flask with a
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capacity of 200 ml and stirred at a room temperature. A total
of 17.3 g of sodium alkoxide obtained by preparation from
the alcohol (3-ethyl-2-methylimino-3-pentanol) synthesized
in Example 1 was diluted with 20.7 g of tetrahydrofuran, and
the solution was added dropwise to the flask under ice
cooling. After the end of dropping, stirring was performed
for 15 h at room temperature, followed by filtration. Tetra-
hydrofuran was removed from the obtained filtrate, and the
residue was sublimated under the conditions of 46 Pa and

100° C. The target product was obtained in a yield amount
of 8.22 g at a yield ratio of 37.8%.

(Analytical Data)

(1) Normal-pressure TG-DTA

temperature of 50% mass reduction: 214° C. (Ar flow
rate: 100 m1/min; temperature increase rate 10° C./min)

(2) Reduced-pressure TG-DTA

temperature of 50% mass reduction: 135° C. (10 Torr, Ar
flow rate: 50 mi/min; temperature increase rate 10° C./min)

(3) Elemental analysis Co: 17.5: mass %, C: 55.7 mass %,
H: 9.0 mass %, O: 8.9 mass %, N: 8.2 mass %, (theoretical
values; Co: 17.2: mass %, C: 56.0 mass %, H: 9.3 mass %,
O: 9.3 mass %, N: 8.1 mass %)

Example 4

Synthesis of Compound No. 49

A total of 3.65 g of cobalt (II) chloride and 13.7 g of

tetrahydrofuran were charged into a three-neck flask with a
capacity of 100 ml and stirred at a room temperature. A total
of 9.86 g of sodium alkoxide obtained by preparation from
the alcohol (2-ethylimino-3-ethyl-3-pentanol) synthesized
in Example 2 was diluted with 19.4 g of tetrahydrofuran, and
the solution was added dropwise to the flask under ice
cooling. After the end of dropping, stirring was performed
for 15 h at room temperature, followed by filtration. Tetra-
hydrofuran was removed from the obtained filtrate, and the
residue was sublimated under the conditions of 58 Pa, bath
temperature 150° C., column top temperature 108° C. The
target product was obtained 1n a yield amount of 7.05 g at a
yield ratio of 68.4%.

(Analytical Data)

(1) Normal-pressure TG-DTA

temperature of 50% mass reduction: 215° C. (Ar flow
rate: 100 ml/min; temperature increase rate 10° C./min)

(2) Reduced-pressure TG-DTA

temperature of 50% mass reduction: 137° C. (10 Torr, Ar
flow rate: 50 mi/min; temperature increase rate 10° C./min)

(3) Elemental analysis Co: 16.1 mass %, C: 58.7 mass %,
H: 9.2 mass %, O: 8.4 mass %, N: 7.1 mass %, (theoretical
values; Co: 15.9 mass %, C: 58.2 mass %, H: 9.7 mass %,
O: 8.6 mass %, N: 7.5 mass %)

(Evaluation of Spontanecous Combustion]

Spontaneous combustion was checked with respect to
Compounds No. 43 and 49 and the below-described Com-
parative Compounds 1 to 3 by allowing the compounds to
stay 1n the air. The results are shown in Table 1.

TABLE 1
Spontaneous
Compound Combustion
Comparative Compound 1 None
Comparative Compound 2 None
Comparative Compound 3 None

10

15

20

25

30

35

40

45

50

55

60

65

36
TABLE 1-continued

Spontaneous
Compound Combustion
Compound No. 43 None
Compound No. 49 None

|[Evaluation of Thermal Stability]

Thermal stability of Compounds No. 43 and 49 and
Comparative Compounds 1 to 3 was checked by measuring
the temperature at which an exothermic peak was observed
as a thermal decomposition initiation temperature by using
a DSC measurement device. The results are shown 1n Table
2. When thermal stability of a raw matenal for forming a
thin film 1s high, the film can be formed at a higher
temperature. The possibility of forming a film at a higher
temperature means that the amount of impurities, such as
carbon residue, contained in the obtained thin film can be
reduced. Therefore, thermal stability of a raw material for
forming a thin film affects the quality of the thin film which
1s to be obtained.

Comparative Compound 1

CHj CH;
| m /
Co—1T0O—C—C —N
| \
CHz CH;
- -2
B B Comparative Compound 2
CHs3
H;C | _CH;
S1
/
Co N
\S,
1
He” | e,
CHs3
— —>2
Comparative Compound 3
i
i H(‘i—CHg (‘3H3 ]
Co—1T0O0—(C—C=N—C—CH;
| |
CHs CHs ,
TABLE 2
Thermal Decomposition
Compound Initiation Temperature
Comparative Compound 1 220° C,
Comparative Compound 2 210° C.
Comparative Compound 3 230° C.
Compound No. 43 320° C.
Compound No. 49 310° C.

It follows from the results shown 1n Table 2 that where
Compounds No. 43 and 49 and Comparative Compounds 1
to 3 are compared, the thermal stability of Compounds No.
43 and 49 1s higher than that of Comparative Compounds 1
to 3. Further, the measurement results of normal-pressure

TG-DTA 1ndicate that the temperature of 50% mass reduc-

tion of Compounds No. 43 and 49 1s 214° C. and 215° C.,
respectively. Therefore, these compounds can be said to
demonstrate suflicient volatility as CVD sources.
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Example 5

Manufacture of Thin Film of Metallic Cobalt by
ALD Method

Compound No. 43 was taken as a raw material for
chemical vapor deposition, and a thin film of metallic cobalt
was manufactured on a silicon wafer by the ALD method
under the below-described conditions by using the apparatus
depicted 1n FIG. 2. The thickness of the obtained thin film
was measured by an X-ray reflectance method, and the thin

film structure and thin film composition were verified by an
X-ray diflraction method and an X-ray photoelectron spec-
troscopy. The film thickness was 4 nm to 7 nm, the film
composition was metallic cobalt (confirmed by Co 2p peak
in XPS analysis), and the amount of carbon was less than the
lower detection limit of 0.1 atom %. The film thickness
obtained per one cycle was 0.08 nm to 0.14 nm.

(Conditions)

Reaction temperature (substrate temperature): 300° C. to
350° C., Reactive gas: hydrogen gas

(Steps)

The series of the following steps (1) to (4) was taken as

1 cycle, and 50 cycles were performed.

(1) The vapor of a raw material for chemical vapor depo-
sition that was vaporized under the conditions of a vapor-
ization chamber temperature of 140° C. and a vaporiza-
tion chamber pressure of 100 Pa 1s introduced, and
deposition 1s performed for 30 s under a system pressure
of 100 Pa.

(2) The unreacted raw material 1s removed by purging with
argon for 5 seconds.

(3) A reactive gas 1s introduced and the reaction 1s conducted
for 30 s under a system pressure of 100 Pa.

(4) The unreacted raw material 1s removed by purging with
argon for 5 seconds.

Example 6

Manufacture of Thin Film of Metallic Cobalt by
ALD Method

Compound No. 49 was taken as a raw material for
chemical vapor deposition, and a thin film of metallic cobalt
was manufactured on a silicon wafer by the ALD method
under the below-described conditions by using the apparatus
depicted 1n FIG. 1. The thickness of the obtained thin film
was measured by an X-ray reflectance method, and the thin
f1lm structure and thin film composition were verified by an
X-ray diffraction method and an X-ray photoelectron spec-
troscopy. The film thickness was 2 nm to 5 nm, the film
composition was metallic cobalt (confirmed by Co 2p peak
in XPS analysis), and the amount of carbon was less than the
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lower detection limit of 0.1 atom %. The film thickness
obtained per one cycle was 0.04 nm to 0.1 nm.
(Conditions)

Reaction temperature (substrate temperature): 300° C. to
350° C., Reactive gas: hydrogen gas

(Steps)

The series of the following steps (1) to (4) was taken as

1 cycle, and 50 cycles were performed.

(1) The vapor of a raw material for chemical vapor depo-
sition that was vaporized under the conditions of a vapor-
1zation chamber temperature of 100° C. and a vaporiza-
tion chamber pressure of 100 Pa is introduced, and

deposition 1s performed for 30 s under a system pressure

of 100 Pa.

(2) The unreacted raw material 1s removed by purging with
argon for 5 seconds.

(3) A reactive gas 1s introduced and the reaction 1s conducted
for 30 s under a system pressure of 100 Pa.

(4) The unreacted raw material 1s removed by purging with
argon for 5 seconds.

The present international application claims priority from
Japanese Patent Application No. 2014-087310 filed on Apr.
21, 2014, the full contents whereof are incorporated herein
by reference.

The mnvention claimed 1s:

1. An alkoxide compound of the Formula No. 43 or the
Formula No. 49 below:

No.43
— ]ft -
CG——O—(‘j—(‘?=N—Me
i Et  Me 1,
No0.49
- Et -
Co O C (|3=N—Et
Et Me

wherein 1n the Formula No. 43 and the Formula No. 49,
Et represents ethyl and Me represents methyl.

2. A raw material for forming a thin film, comprising the
alkoxide compound according to claim 1.

3. A method for manufacturing a thin film, comprising:
introducing a vapor including an alkoxide compound
obtained by vaporizing the raw material for forming a thin
film according to claim 2 into a film formation chamber 1n
which a substrate 1s disposed; and

forming, on a surface of the substrate, a thin film 1nclud-

ing a metal atom by inducing decomposition and/or
chemical reaction of the alkoxide compound.

G o e = x
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